)%C alloys in the varying temperature range 150-293 K and in external magnetic field of 1,5 -5 T were conducted. Low value of the Debye temperature  D = 180 K was estimated using the temperature dependence of the integral intensity of Mössbauer spectra for specified temperature range. The inequality B eff = (0.7÷0.9)B ext was obtained in Mössbauer measurement applying external magnetic field that points to antiferromagnetically coupled Fe atoms, which have a tendency to align their spins perpendicular to B ext . Nano-length-scale magnetic inhomogeneities nearby and far above T C were revealed, which supposedly caused by mixed antiferromagnetically and ferromagnetically coupled Fe atom spins. The anti-Invar behavior of Fe-Ni-C alloy is explained in terms of evolution of magnetic order with changing temperature resulting from thermally varied interspin interaction and decreasing stiffness of interatomic bond.
Anti-Invar Properties and Magnetic
, which is weakly changed with the elevating temperature above the martensitic point, is observed in -Fe and the f.c.c. binary Fe-(10-25)%Ni alloys [1, 2] . Observed TEC value of the Fe-(10-25)%Ni alloys significantly exceeds TEC for pure elements Fe (13.2 10 -6 at 400 K) and Ni (13.7 10 -6 at 400 K) [3] . Despite the high TEC values is common to the f.c.c. metals and alloys the described Fe-Ni alloys demonstrate deviation of TEC temperature dependence from the well known Grüneisen behavior remaining almost constant over wide temperature range. Such behavior is described as anti-Invar effect [1, 2] and considered as high temperature property in contrast to the Invar effect, which predominantly occurs below the Curie point [4] .
To describe the anti-Invar behavior occurring in -Fe, f.c.c. Fe-Ni and Fe-Ni-Mn alloys far above magnetic ordering temperature the phenomenological two-level system formalism was proposed [1, 2] , which was based on the Weiss's two Fe-state model [5] assuming an existence of low-volume low-spin antiferromagnetic (LS AF) phase as ground state separated from energetically higher-lying large-volume highspin ferromagnetic (HS FM) state. [6] . An existence of LS AF and the HS FM states has been verified by Mössbauer measurements on -Fe precipitates in Cu and Cu-Al [7] . With increasing temperature, a change of a population of the one state at the expense of another state determines the anti-Invar behavior. However, the data derived from monochromatic circularly polarized Mössbauer analysis of Fe 1-x Ni x (x = 0,25, 0,30, 0,35) alloys [8] were in contradiction with described two -state model.
On the other hand the anti-Invar effect ( = 5010
) is most clearly found in YMn 2 compounds and explained as a result of thermal evolution of the amplitude of spin fluctuations in paramagnetic temperature range above the Neel temperature T N [9] . Such an approach was introduced to explanation of thermal anomalies in Fe-Nisystems [10] .
Considerable effect of alloying Fe-Ni alloys with carbon on the Curie point, magnetic ordering and -phase thermal stability [11, 12] is well known and may provide exhibition of anti-Invar TEC behavior in alloys such as -Fe-(20-25)%Ni-C. In case of spin fluctuations model is right, the magnetic SANS intensity and Mössbauer line broadening in the vicinity and higher T C is expected.
In order to establish the mechanism of anti-Invar behavior occurring below and above the Curie point the main purpose of this work was to reveal changes in magnetic order in the -Fe-25%Ni-C alloy at varying temperature and the effect of applied external magnetic field on magnetic state.
EXPERIMENTAL
The Fe-25.3%Ni-(0.73-0.78)%C alloys were melted in a vacuum induction furnace in protective argon atmosphere. The cast material was annealed at 1273 K for 3 hrs. The C concentration was determined by chemical analysis and the Ni content was obtained by means of X-ray fluorescence analysis.
The temperature dependences of TEC were obtained on automated quartz dilatometer [11] within the temperature range of 120 -530 K. The initial length of a sample was measured with the accuracy of ±0,005 mm. The experimental curves were smoothed and the TEC values were calculated automatically with the accuracy ±0,310 -6 К -1 . The Curie point of the alloys was determined by measurement of the temperature dependence of ac magnetic susceptibility within the temperature range of 77-330 K. The magnitude of magnetic field and the frequency were 400 Am -1 and 1 kHz, respectively. Thermal dependence of saturation magnetization in constant magnetic field 800 kA m -1 was measured using ballistic magnetometer within the temperature range 77-400 K.
The Mössbauer spectra were measured on a constant acceleration spectrometers MS1101E at the G.V. Kurdyumov Institute for Metal Physics of N.A.S. of Ukraine and on the Uppsala University spectrometer in Sweden. The 57 Co(Cr) and 57 Co(Rh) matrix were used as gamma quantum sources. A Cryogenic Ltd. closed cycle refrigerator superconducting magnet with a central field homogeneity of 99 % was used for in field measurements. Low temperature measurements were conducted using specially constructed cryostat [13] . The applied longitudinal magnetic field was parallel to the gamma beam. The spectra were stored in a multichannel scaler with 512 channels. All spectra were fitted using Window's analysis and standard discrete method.
SANS experiments were performed at the SANS-1 and SANS-2 instruments at the FRG-1 research reactor of GKSS [14] . The neutron wavelength was 8.5 Å and the wavelength resolution was 10%. The range of scattering vectors on SANS-1 0.05 < q < 2,5 nm -1 was obtained using four sample-to-detector distances (SDD): 0.7, 1.1, 3.8, 9.7 m. For SANS-2 the range of scattering vectors 0.05 < q < 2.5 nm -1 was obtained using three SDD's: 1.17, 3.92, 9.92 m The neutron beam and applied magnetic field perpendicular to the neutron beam were used. Some measurements have been done on polarized neutron beam with the initial polarization close to 1, while the efficiency of the spin flipper to realize the inverse polarization state was 0.9.
All samples were annealed at 1373 K in vacuum during 30 min and subsequently quenched in oil and the X-ray analysis (Co  radiation) controlled the phase content.
RESULTS
Structure and properties. The X-ray analysis has shown that annealed samples of the Fe-25.3%Ni-0.73%C alloy were in austenitic state ( Fig. 1) with the lattice parameter of austenite of a  = 0.3602 nm which correlates with the effect of carbon on the lattice expansion [15] .
Slow rise in saturation magnetization as temperature falls points to increasing in close magnetic ordering (Fig. 2, a) . According to this measurement martensitic transition occurs at 118 K and results in dramatic increase of saturation magnetization value below that point.
Temperature dependence of magnetic susceptibility shows that there is transition to ferromagnetically ordered state at 195 K (Fig. 2, b) . According to (T) dependence martensitic point was M S = 122 K i.e. phase transition occurs in magnetically ordered state. It is established that phase transition results in rise of sample temperature on ~25 K.
Therefore thermomagnetic curves demonstrate significant changes in the alloy magnetic order, which have to affect anti-Invar thermal expansion anomaly that is believed to be of magnetic nature.
The dilatometric measurements have shown that the TEC of the Fe-25.3%Ni-0.73%C alloy is abnormally high 15-2110
within the temperature range 122 K-525 K (Fig. 2, c) . The values of  are approximately twice as higher than that for pure -Fe and -Ni and are consistent with TEC of high-temperature -Fe and f.c.c.-Fe-(10-25)%Ni phases [1, 2] . The TEC is accompanied by almost temperature-insensitive behaviour in interval 300 -525 K and it slowly decreases below room temperature (Fig. 2, c) . Thus the Fe-25.3%Ni-0.73%C alloy shows anti-Invar behavior below and above the Curie point that is consistent with the data obtained for the f.c.c. Fe-Ni-C alloys with lower carbon concentrations [16] . It is opposite to Invar effect in the Fe30%Ni-C alloy, which shows abnormally low thermal expansion (~210
) that is observed solely in magnetically ordered state below the Curie point [11, 12] .
Notice, that in contrast to statement [1] the anti-Invar behaviour is not just a hightemperature property (that is attributed in -Fe and the Fe-Ni alloys [1, 2] ) due to alloying with carbon and it is observed below and above the magnetic transition point (Fig. 2, c) .
The probable reason of the anti-Invar behavior in the Fe-Ni-C alloy with the change of temperature from high value below the Curie point is moment-volume instability in magnetic order [17] . The magnetic order evolution is based on the Kondorski and Sedov idea about mixed exchange interactions in Fe-Ni system between atomic spins of Fe and Ni [18] , the earlier Weiss model [5] and energy calculations [6] concerning an existence of different LS AF and HS FM states with the thermally induced population. In order to reveal changes in magnetic order with the temperature the Mössbauer and SANS measurements at low temperatures 150-295 K and under external magnetic field were conducted.
Mössbauer effect in anti-Invar Fe-Ni-С alloy. Mössbauer spectrum of the Fe-25.3%Ni-0.73%C alloy at room temperature consists of broadened singlet s that is attributed to Fe atoms having only Fe and Ni atoms as the nearest-neighbors (nn) and doublet d caused by electric quadruple hyperfine interaction relating to Fe atoms with mainly Fe and C atoms as the nn (Fig. 3, a) . As shown in [19] observed singlet broadening have magnetic nature. Inhomogeneous close atomic order in Fe-Ni-C austenite considered as a result of increasing thermodinamical activity of carbon in FeNi solid solution by Ni. Thus, the magnetically broadened singlet s was fit with sextet with the small hyperfine field B s = 0.72 T as it was proposed in [19] . The quadruple splitting and isomer shift of these components are  s = -0.034 mm/s;  d = 0.009 mm/s;  = 0.673 mm/s respectively. The obtained parameters correspond to those for Fe-Ni-C austenite with close chemical composition [19] .
Mössbauer measurements show gradual broadening spectra line with the decreasing temperature from 295 К to 248 К, 198 К and 163 К (Fig. 3) . The doublet d resulting from hyperfine quadruple interaction vanishes and transforms gradually in smeared quasicontinual singlet. The hyperfine magnetic fields (HMF) distribution shows their gradual increase under the cooling above and below T C = 195 K in the temperature interval from 295 К to 163 K that points to changes in magnetic state.
The decrease of the Mössbauer spectrum integral intensity I with the increasing temperature in specified temperature range from 163 К to 295 К and especially its drastically reduction with the large slope below T C was observed (Fig. 2 c) that attributed to decreasing recoil-free fraction f. The Debye temperature that is measure of the interatomic bond stiffness was estimated using the temperature dependence f(T) in the Debye model [20, 21] . The obtained low value of  D = 180 K for specified temperature range points to weakening stiffness of interatomic bond which can be responsible for large TEC values of anti-Invar alloys nearby the Curie point. Fig. 4 shows Mössbauer spectra of the Fe-25.3%Ni-0.78%С alloy derived under external longitudinal magnetic field (EMF) of 2.5 Т and 5 Т (parallel to gamma beam). It was established that EMF causes broadening of the spectra lines (Fig. 4, a) increasing HMF (Fig. 4, b) .
Moreover, HMF grows more slowly than EMF (B eff = (0.7÷0.9)B ext ). Similar behavior of HMF under the B ext was also observed in mechanically alloyed f.c.c. Fe-(21-27)%Ni powders [22] and Invar Fe-30.5%Ni-1.5%C alloy [23] . It means that B ext had induced a local magnetic moment, which gave rise to an induced hyperfine field that was opposite in direction to B ext . According to Mössbauer data for Fe-Ni-C alloy measured in the field of 5 T [23, 24] The SANS intensity was averaged by -angle and summarized by spin direction in the Fe-25.3%Ni-0.73%C alloy. One can see that at scattering vector q < 0.17 nm -1 the applied magnetic field B ext perpendicular to neutron beam did not change the SANS intensity that points to nuclei scattering from large-scale inhomogeneities with no magnetic contribution. The dramatically decreasing intensities of scattering at q > 0.17 nm -1 under the field of 1.5 T that is approximately 5 times as less is observed. The effect of B ext on SANS in Invar Fe-30.5%Ni-1.5%C alloy was observed in whole interval of scattering vectors 0.05 < q < 2.5 nm -1 [25] . This means that there is shortrange inhomogeneous magnetic order in the Fe-25.3%Ni-0.73%C alloy above the Curie point, the state of which are sensitive to B ext . Using a simple relationship R = 1/q a maximal average linear size of the magnetic inhomogeneities 6 nm was estimated.
SANS in anti-
The size of the small length-scale aggregates has been estimated also using the Indirect Fourier Transformation (IFT) approach [26] with assumption of the trace contributions of large objects (smooth interface due to obtained slope  = 4) and small nearly spherical objects. Obtained parameters of small aggregates: maximal size D max , gyration radius of scattering length densities R g and "forward scattering" I(0), which is connected with concentration, volume and scattering contrast of smaller aggregates as
) are listed in Table 1 . Here n is concentration of aggregates, V is volume of aggregate,  is neutron scattering contrast,  is volume fraction of aggregates and = nV. As it can be seen the applied magnetic field 1.5 T lets to decreasing of maximal size of aggregates from D max =5 nm to 3.5 nm and corresponding radius of gyration decreases from R g = 1.5 nm to 1.1 nm. It can be explained by disassemble (partial disassemble) of a magnetic domains which is confirmed by corresponding decreasing the value of parameter I(0) from 0.17 to 0.05. If  and  2 are the same before and after applying magnetic field, I(0) should be proportional to V~Rg Thus the smaller length-scale aggregates of the magnetic nature in the Fe-25.3%Ni-0.73%C alloy can be imagined as approximately 10 unit cells clusters (domains). However, magnetically disordered state was not removed completely under the B ext = 1.5 T and the smaller length-scale magnetic inhomogeneities are still existing far above the Curie point T C = 195 K since the anisotropy of 2D scattering pattern at large q was still observed (Fig 4 a, insert) .
In order to estimate smoothness of the inhomogeneities in the alloy all SANS data (Fig. 5) have been analyzed at low q interval (q < 0.1 nm -1 ) by power law dependence d(q)/d ~ q  . At this small scattering vectors the value of exponent  = 4  0.2 that attributed to the Porod law [16] . This means that SANS for small q interval results from the large length-scale inhomogeneities (R > 1/q = 10 nm), which are characterized by smooth surfaces (interfaces). The scattering from these large length scale aggregates was not affected by 1.5 T (Fig 4 a) , that means these inhomogeneities have not been removed under B ext . The scattering by them did not depend on spin polarization ON/OF (Fig. 4 b) . Moreover the applied magnetic field 1.5 T and spin polarization did not change the value of the exponent  (Table 1 ). All the data points to mainly nuclear contribution to the SANS at low q interval (q < 0.017 nm -1 ). One can assume these aggregates are inhomogeneous atomic microareas enriched with Fe-C bonds on one had and Fe-Ni bonds on another one. The existence of C-C pairs as the first nearest neighbors of Fe atoms and Ni nearest neighbors in the vicinity of Fe depleted with carbon in the Fe-25.3%Ni-0.49%C austenite was revealed in [19] .
In order to remove smaller length-scale magnetic inhomogeneities existing in the alloy far above the Curie point and to reveal reaction of the large length-scale inhomogeneities on external magnetic field we try to increase B ext . The increase of B ext to 5 T enhanced the effect of field on SANS intensity mainly at large q by approximately 35 times and there was still no any changes at q < 0.017 nm -1 (Fig. 4 c) similarly to the effect of 1.5 T (Fig. 4 a) . However, the anisotropy of scattering on 2D pattern obtained at large q was not observed at B ext = 5 T that points to completely removing large length-scale inhomogeneities. Moreover the use of the polarized neutrons did not reveal any differences in SANS intensity at B ext = 5 T (Fig. 4 d) .
To characterize the evolution of the inhomogeneous magnetic order under cooling the SANS was measured above and below T C and nearby T C : at 250 K, 200 K, 150 K The reduction of SANS intensity that could support the spin fluctuations model [9, 10] was not revealed. By contrast, the growth of scattering intensity in the range of large and middle q with decreasing temperature within interval 250 K -200 K above the Curie point (195 K) was observed (Fig. 4 e) . This points to gradual increase of maximal sizes of the magnetic inhomogeneities under the cooling approximately from 6 nm to 17 nm. Cooling to 150 K below T C caused dramatic growth of SANS intensity predominantly in the range of small scattering vectors that points to the formation of the magnetic large length-scale inhomogeneities. One can assume the disoriented magnetic domains responsible for enhanced SANS intensity. If so such domains can be aligned in external magnetic field. In fact, the low temperature experiment under magnetic field of 5 T has shown the dramatic SANS intensity reduction in whole interval of scattering vectors (Fig. 4 f) .
Thus the SANS experiment has shown an existence of the magnetic inhomogeneities in anti-Invar Fe-25.3%Ni-0.73%С alloy the sizes of which were varied from nanolength-scale magnetic inhomogeneities (6 nm) above the Curie point to large length-scale magnetic domains below T C (>17 nm).
In order to determine the effect of carbon on the formation of magnetic state of the Fe-25.3%Ni-0.73%C alloy we measured SANS after ageing of sample at 773 K for 2 hrs that we assumed should result in redistribution of atoms and graphitization. No considerable changes of SANS intensity due to ageing were observed within all interval of q. The SANS curves after annealing and ageing become just weakly separated at small q (Fig. 5 a) . Moreover the effect of polarized beam on SANS intensity is similar to that observed for annealed sample (Fig. 4 b) .
The analysis of SANS data by power law dependence d(q)/d ~ q  at low q < 0.01 Å -1 gave the value of exponent . The obtained  equals to 4  0.2 (Table 1 ) and attributed to the Porod law [16] as previously for annealed sample and accordingly to [16, 26] corresponds to large length-scale atomic inhomogeneities with smooth surfaces. The estimated parameters using the IFT approach [26] has shown that maximal size D max of small aggregates, radius gyration of scattering length densities R g and the "forward scattering" I(0) are almost the same as compared to those of annealed sample (Table 1) .
The dramatically decreasing SANS intensities at q > 0.017 nm -1 under 1.5 T was revealed for annealed sample (Fig. 5 b) . The effect of external magnetic field on aged sample is similar to that revealed for sample after initial solution treatment (Fig. 4 a) .
Thus the experiment with the ageing at 773 K has shown that there are small length-scale magnetic inhomogeneities in the Fe-25.3%Ni-0.73%C alloy, which did not depend on state of carbon in a solid solution and are determined by substitutional subsystem. 2. Mössbauer experiment in the temperature range of 163 K -295 K has shown a gradual change of hyperfine magnetic fields and the drastically reduction of integral spectra intensity nearby T C that points to decreasing recoil-free fraction f at heating. The estimated Debye temperature using the temperature dependence of the integral spectra intensity for specified temperature range shows low value  D = 180 K that means small stiffness of interatomic bond in studied alloy.
It was established that external magnetic field B ext increases hyperfine magnetic field B eff therewith its growth behind the B ext value. The obtained inequality B eff = (0.7÷0.9)B ext points to antiferromagnetically coupled Fe atoms, which have a tendency to align their spins perpendicular to B ext .
3. SANS experiments in external magnetic field and at low temperatures have revealed inhomogeneous magnetic order in f.c.c. Fe-Ni-С alloy that implies nanolength-scale magnetic inhomogeneities of 6 nm above the Curie point and of >17 nm below T C , which result from mixed antiferromagnetically and ferromagnetically coupled Fe spins and can be removed by B ext = 5 T.
4. The evolution of magnetic state with changing temperature resulting from thermally varied interspin interaction and decreasing stiffness of interatomic bond nearby T C are responsible for anti-Invar behavior of the f.c.c. Fe-Ni-C alloy. 
